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~D scription ; ~~ 

[0001] This invention relates to ion exchange mem- 
branes and electrodes for use in electrochemical devic- 
es such as batteries, fuel cells, and electrolytic reactors. 
More particularly, the invention relates to electrodes and 
solid polymer ion exchange membranes combined to 
form a unitary assembly. 

[0002] Electrochemical cells which employ ion ex- 
change membranes formed of solid polymer ion ex- 
change resins and electrodes in which catalytically-ac- 
tive electrically-conductive materials are included are 
well known in the art. Such cells can be used for the 
generation of electricity, for example, in fuel cells and 
batteries; or in electrolytic reactors, for example, for 
electrolysis of water, chemical synthesis, and many oth- 
er uses. 

[0003] Such cells are manufactured by various tech- 
niques which provide a structure of a solid polymer elec- 
trolyte (SPE) membrane, or proton exchange mem- 
brane, for ion exchange, sandwiched between elec- 
trodes for current transfer and, in the case of gaseous 
fuel cells, gas diffusion. Solid polymer ion exchange 
membranes useful in such devices can be selected from 
commercially available membranes, for example, per- 
fluorinated membranes sold under the tradenames 
Nation® (DuPont Co.) and Flemion®(Asahi Glass Co.); 
or formed as films cast from solutions containing com- 
mercially available ion exchange resins. The electrodes 
are often formed of electrically-conductive particulate 
materials (which may include catalyst materials) held to- 
gether by a polymeric binder. Polytetrafluoroethylene 
(PTFE) resin, due to its chemical inertness and high 
temperature resistance, is often used as the polymeric 
binder. The PTFE resin is usually combined with the par- 
ticulate electrode materials and molded or processed in- 
to sheet form by PTFE paste-forming processes known 
in the art. The cells may also Include porous current col- 
lection or distribution layers, for example, platinum wire 
mesh or woven carbon cloth, in contact with the elec- 
trode surfaces facing away from the ion exchange mem- 
brane. Important considerations in such layered struc- 
tures include uniformity in the thickness and distribution 
of functional materials forming, or within, the layers; and 
quality and durability of contact between the layers. It is 
also desired that the layers be as thin as possible to in- 
crease the energy efficiency and current density of the 
cells. 

[0004] To improve the energy efficiency of the elec- 
trochemical devices, electrode structures have been 
modified to increase the number of reaction sites. In ad- 
dition, to increase the rate of ion movement, solid poly- 
mer ion exchange resins have been included within the 
electrode structures. To allow the ions produced to move 
rapidly toward the counter electrode, it is necessary to 
improve the contact between the solid polymer ion ex- 
change resin inside the electrode and the ion exchange 
membrane , and to lower the membrane resistance of 



thelonexchangenriembraneitself: 

[0005] Conventionally, the solid polymer membranes 
are joined to the electrodes by hot pressing or simply 
held together in the cell by mechanical forces applied to 

5 them. It is difficult, however, to produce a cell with thin 
membranes by either method. When hot pressing is 
used the membrane material is softened and weakened 
by the heat and, if too thin, will rupture and create a gas 
leakage path or cause a short circuit between the elec- 

10 trodes. Such problems are exacerbated if the electrode 
surfaces have poor smoothness. When only mechanical 
force is used, a much greater force is required to ensure 
uniform contact and to obtain a low contact resistance 
between the membrane and electrodes, and the same 

*5 problems are encountered with thin ion exchange mem- 
branes. A further disadvantage is that pressure applied 
to force the electrodes and membrane together, whether 
with or without heat, can cause compaction of the elec- 
trodes and thus reduce the gas permeability of the elec- 

20 trade. 

[0006] Means used to address these problems in- 
clude applying and drying a solution containing a solid 
polymer ion exchange resin to an electrode surface, and 
then joining the coated electrode to an ion exchange 

25 membrane by hot pressing. Another method described 
is to apply a solution containing a solid polymer ion ex- 
change resin, or a solvent for the resin, to an electrode 
surface and then, with solvent still present on the sur- 
face, join the coated electrode to an ion exchange mem- 

30 brane, after which the solvent is removed. In another 
method a solution containing a solid polymer ion ex- 
change resin is applied to a surface of two electrodes 
and, while still wet, the coated surfaces are brought to- 
gether, after which the solvent is removed and an ion 

35 exchange membrane formed between the electrodes. 
These methods, too, suffer drawbacks in that it is very 
difficult to control the penetration of the applied solutions 
into the electrodes and excessive amounts of the solu- 
tions must be applied. This often results in impaired gas 

40 diffusivity in the electrodes and also makes it difficult to 
obtain a thin ion exchange membrane with a uniform 
thickness. 

[0007] Other methods to produce ion exchange mem- 
brane/electrode structures in which electrodes are 

45 formed on a current collector and subsequently joined 
to an ion exchange membrane; or in which electrodes 
are formed directly on an ion exchange membrane and 
subsequently joined to a gas diffusion material or cur- 
rent col lector, are also.known in the art. Most such meth- 

50 ods are variants or combinations of the methods de- 
scribed above, except that different substrates are used, 
and have drawbacks similar to those described. 
[0008] US Patent 5,234,777 (to Wilson) is for a mem- 
brane catalyst layer structure for a fuel cell which incor- 

55 porates a thin catalyst layer between a solid polymer 
electrolyte and a porous electrode backing. Wilson dis- 
closes a catalyst film formed from an ink preparation 
consisting of a mixture of carbon particle-supported plat- 
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-inum~catalystra~solubiIized-ion-exchange~resinrand" 
thickening agents. The electrode ink can be applied to 
a release surface, oven-dried to form a thin layer, and, 
after sufficient layers have been added to form the film, 
removed and hot pressed to an ion exchange mem- 5 
brane. An alternative method is also disclosed in which 
a different form of the ion exchange resin is solubilized 
in the ink mixture, the electrode ink is applied to the sur- 
face of an ion exchange membrane, heated and dried 
to form a layer, and, after sufficient layers have been 10 
added to form the film, treat the assembly to convert the 
ion exchange resin to its use form. 
[0009] WO-A-8906055 relates to an electrode appa- 
ratus adapted for use in electro-chemical systems, hav- 
ing an anode compartment and a cathode compartment 
in which gas and ions are produced and consumed in 
the compartments during generation of electrical cur- 
rent. The electrode apparatus includes a membrane for 
separating the anode compartment from the cathode 
compartment wherein the membrane is permeable to 
both ions and gas. The cathode and anode for the as- 
sembly are provided on opposite sides of the mem- 
brane. During use of the membrane-electrode appara- 
tus in electro-chemical cells, the gas and the ions gen- 
erated at the cathode or anode migrate through the 25 
membrane toprovide efficient transfer of gas and ions 
between the anode compartment and cathode compart- 
ment. WO-A-89-06055 only discloses and teaches a po- 
rous ion exchange membrane separating the electrodes 
and electrode compartments which provides discrete so 
porous regions for passage of gas and discrete regions 
for passage of ions therethrough. 
[0010] This invention provides an electrode/solid pol- 
ymer ion exchange membrane assembly for an electro- 
chemical cell comprising planar layers of materials inti- 35 
mately joined together to form a unitary structure. The 
layers are intimately joined together by a bond, formed 
across the layer interface, by solid polymer ion ex- 
change resin present in at least one of each pair of ad- 
jacent layers. Each embodiment of the invention has 
one or more layers supported by at least one preformed 
support matrix formed of porous polytetrafluoroethyl- 
ene. The preformed support matrix of polytetrafluor- 
oethylene contains the electrode-forming or ion ex- 
change membrane-forming materials of the layer, and 
provides strength, reinforcement, and handleability, 
while substantially preventing migration of the material 
into adjacent layers. 

[0011] A planar article or form, as used herein, is an 
article or form made so as to have length and width di- 50 
mensions, or radial dimensions, much greater than the 
thickness dimension. Examples of such articles include 
a polymeric film or membrane, a sheet of paper, a textile 
fabric, a ribbon, or a disc, and the like. It is apparent that, 
once formed, such articles can be used as an essentially ss 
flat article, or wound, folded, or twisted into more com- 
plex configurations. 

[0012] By porous as used herein is meant a structure 
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ofinterconnectedpores^orvoids-such'that-continuous 
passages and pathways throughout a material are pro- 
vided. 

[0013] One embodiment of the invention is a unitary 
assembly which comprises a planar composite nonpo- 
rous solid polymer ion exchange membrane comprising 
at least one preformed membrane-support of porous ex- 
panded polytetrafluoroethylene having a thickness of 1 
to 20 micrometers which contains, and is made nonpo- 
rous by, solid polymer ion exchange resin; and a planar 
electrode in intimate contact with and bonded to a planar 
surface of the nonporous solid polymer ion exchange 
membrane by the solid polymer ion exchange resin. 
[0014] Another embodiment of the invention is a uni- 
tary assembly which comprises a planar composite non- 
porous solid polymer ion exchange membrane compris- 
ing at least one preformed membrane-support of porous 
expanded polytetrafluoroethylene having a thickness of 
1 to 20 micrometers which contains, and is made non- 
porous by, solid polymer ion exchange resin; and two 
planar electrodes, each electrode in intimate contact 
with and bonded to a planar surface of the nonporous 
solid polymer ion exchange membrane by the solid pol- 
ymer ion exchange resin. 

[0015] Yet another embodiment of the invention is a 
unitary assembly which comprises ^ planar composite 
nonporous solid polymer ion exchange membrane com- 
prising at least one preformed membrane-support of po- 
rous expanded polytetrafluoroethylene which contains, 
and is made nonporous by, solid polymer ion exchange 
resin; and a planar electrode composing a preformed 
electrode-support of porous expanded polytetrafluor- 
oethylene having a thickness of 1 to 20 micrometers 
containing both a solid polymer ion exchange resin and 
a catalyst material, and which is in intimate contact with 
and bonded to a planar surface of the nonporous solid 
polymer ion exchange membrane by solid polymer ion 
exchange resin. 

[001 6] A further embodiment of the invention is a uni- 
tary assembly which comprises a planar composite non- 
porous solid polymer ion exchange membrane compris- 
ing at least one preformed membrane-support of porous 
expanded polytetrafluoroethylene having a thickness of 
1 to 20 micrometers which contains, and is made non- 
porous by, solid polymer ion exchange resin; and two 
planar electrodes each of which comprises a preformed 
electrode-support of porous expanded polytetrafluor- 
oethylene having a thickness of 1 to 20 micrometers 
containing both a solid polymer ion exchange resin and 
a catalyst material and which are in intimate contact with 
and bonded to a planar surface of the solid polymer ion 
exchange membrane by solid polymer ion exchange 
resin. 

[0017] Other embodiments of the invention are uni- 
tary assemblies which comprise a planar nonporous sol- 
id polymer ion exchange membrane and one or two pla- 
nar electrodes; each electrode comprising a preformed 
electrode-support of porous expanded polytetrafluor- 
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~oethy lene~h avi ng-a~thickness"of -3-to _ 20"m icro=m ete rs _ 
containing both a solid polymer ion exchange resin and 
a catalyst material, and each electrode in intimate con- 
tact with and bonded to a planar surface of the solid non- 
porous polymer ion exchange membrane by solid poly- 
mer ion exchange resin. 

[001 8] According to a first aspect of the present inven- 
tion there is provided a unitary assembly for an electro- 
chemical cell comprising: 

a composite nonporous solid polymer ion exchange 
membrane having first and second planar surfaces; 
said nonporous composite ion exchange mem- 
brane comprising at least one preformed mem- 
brane-support film of porous expanded poly- 
tetrafluoroethylene having a thickness of 1 to 20 mi- 
cro-meters, said membrane-support film contain- 
ing, and made non-porous by, solid polymer ion ex- 
change resin; and 

a first electrode having two planar surfaces, one 
surface of said first electrode in intimate contact 
with said first surface of said nonporous solid poly- 
mer ion exchange membrane and bonded to said 
membrane by said polymer ion exchange resin. 

[0019]— According to a second aspect of the present 
invention there is provided a unitary assembly for an 
electrochemical cell comprising: 

a nonporous solid polymer ion exchange mem- 
brane having first and second planar surfaces; and 
a first electrode having two planar surfaces; 
said first electrode comprising a preformed elec- 
trode-support film of porous expanded poly- 
tetraf luoroethylene having a thickness of 3 to 20 mi- 
cro-meters said electrode-support film containing 
both a solid polymer ion exchange resin and a cat- 
alyst material; 

wherein one surface of said first electrode is in in- 
timate contact with said first surface of said solid poly- 
mer ion exchange membrane and bonded to said mem- 
brane by said solid polymer ion exchange resin. 
[0020] This invention provides a unitary solid polymer 
ion exchange membrane/electrode assembly. The solid 
polymer ion exchange membrane comprises at least 
one preformed membrane-support of porous expanded 
polytetrafluoroethylene which is filled and made nonpo- 
rous with solid polymer ion exchange resin. The porous 
PTFE membrane-support is typically filled by impregna- 
tion of a liquid composition containing the ion exchange 
resin into the membrane-support. The electrode com- 
prises electrode constituents, which include both a solid 
polymer ion exchange resin and a catalyst material, and 
a support matrix of polytetrafluoroethylene. The elec- 
trode is intimately joined and adhered to the solid poly- 
mer ion exchange membrane by a bond formed be- 
tween the ion exchange resin present in both layers. 



[0021] — As-noted-aboverin-the-unitary-sotid-pofymer 

ion exchange membrane/electrode assembly of the in- 
vention, the composite ion exchange membrane com- 
prises at least one membrane-support consisting of a 

5 preformed porous film of polytetrafluoroethylene. Elec- 
trodes of the assembly preferably also comprise an 
electrode-support consisting of a preformed porous film 
of polytetrafluoroethylene. However, other electrode 
structures, also inclusive of a polytetrafluoroethylene 

10 support matrix, preferably an expanded polytetrafluor- 
oethylene support matrix, can be obtained by mixing to- 
gether electrically-conductive materials and PTFE resin 
particles and co-forming the mixture to produce an elec- 
trode structure suitable for use in the assembly. Such 

15 methods are particularly useful for forming gas diffusion 
regions or gas diffusion layers of the electrodes. A proc- 
ess for co-forming particulate materials and poly- 
tetrafluoroethylene resin to produce a particle-filled ex- 
panded polytetrafluoroethylene film is disclosed in U.S. 

20 Patent No.4,985,296 (to Mortimer). 

[0022] Porous polytetrafluoroethylene film suitable for 
use as the membrane-support or electrode-support can 
be made by processes known in the art, for example, by 
stretching or drawing processes, by papermaking proc- 

25 esses, by processes in which filler materials are incor- 
porated with the PTFE resin which are subsequently re- 
moved to leave a porous structure, or by powder sinter- 
ing processes. Preferably the porous polytetrafluoroeth- 
ylene film is porous expanded polytetrafluoroethylene 

30 film having a structure of interconnected nodes and fi- 
brils, as described in U.S. Patent Nos. 3,953,566 and 
4,187,390 (to Gore), and European Patent Application 
No. 0 681 336 (to Morishita, et ai.), which describe the 
preferred material and processes for making them. 

35 [0023] For use as a membrane-support, the porous 
polytetrafluoroethylene film should have a thickness in 
the range 1 to 20 micrometers, a pore volume in the 
range 60 to 98 percent, preferably in the range 80 to 95 
percent; and a nominal pore size in the range 0.05 to 5 

40 micrometers, preferably in the range 0.2 to 2 microme- 
ters. A membrane which is too thin tends to have flaws 
which cause short circuits or gas leaks across the mem- 
brane. If the pore size is too small, impregnation of the 
solid polymer ion exchange resin into the membrane- 

45 support is made difficult; and if the pore size is too large 
the membrane-support loses its ability to retain and pre- 
vent migration of the liquid composition containing the 
solid polymer ion exchange resin. Too Iowa pore volume 
increases the membrane resistance due to an insuff i- 

50 ciency of ion exchange resin; and an excessively high 
pore volume results in a membrane-support film too 
weak for use. 

[0024] For use as an electrode-support, the porous 
polytetrafluoroethylene film should have a thickness in 
55 the range 3 to 20 micrometers, a pore volume in the 
range 60 to 95 percent, preferably in the range 85 to 95 
percent; and a maximum pore size defined by an iso- 
propanol bubble point (IBP) in the range 0.05 to 0.5 kg/ 
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cm 2 rpreferablyintheTange-0:05"to"0;3"kg/cm 2 r(A-de- 
scription of the Bubble Point Test is provided hereinbe- 
low). The optimum electrode-support film thickness var- 
ies according to the amount of catalyst material needed 
for an application, but a thickness below about 3 mi- 
crometers makes it difficult to obtain an adequate 
number and proper three-dimensional distribution of 
catalyst sites. A thickness greater than about 200 mi- 
crometers impedes gas diffusion and ion-conduction, 
and the electrode cannot function properly. A pore vol- 
ume less than about 60 percent increases the amount 
of PTFE relative to the amount of catalyst material and 
does not permit low resistance values to be obtained. A 
maximum pore size indicated by an IBP greater than 0.5 
kg/cm 2 corresponds to a porous PTFE structure having 
pore sizes too small to easily introduce catalyst materi- 
als, e.g., Platinum-supporting carbon particles, into the 
structure. It is also preferred that the structure of the po- 
rous expanded polytetrafluoroethylene electrode-sup- 
port, i.e., a structure of nodes interconnected by fibrils, 
be one in which the size of the nodes is as small as pos- 
sible in order to increase the usable pore volume and 
facilitate introduction of the catalyst particles and solid 
polymer ion exchange resin into the structure. 
[0025] It is through the use of such independently 
-made -preformed expanded polytetrafluoroethylene 
support membranes that the performance of the ion ex- 
change membrane/electrode assembly can be opti- 
mized. Membrane properties such as strength, pore vol- 
ume, pore size, and thickness can be tailored according 
to the needs of the layer of the composite assembly in 
which they will be used to obtain desired cell properties, 
such as catalyst amounts, gas diffusivity, electronic and 
ionic conduction. Furthermore, use of the membrane- 
support and electrode-support films provides much 
greater uniformity and reproducibility, permits a variety 
of manufacturing methods to be used, and thus, greater 
flexibility in choice of manufacturing methods, and facil- 
itates manufacture of the assembly. Additionally, their 
presence during manufacture of the assembly serves to 
reduce problems associated with migration of solvents 
or other materials into adjacent layers such as are en- 
countered in the manufacture of conventional electro- 
chemical cell structures. 

[0026] No particular limitations are placed on the ion 
exchange or electrolyte resins so long as they are ame- 
nable to impregnation into and retention by the mem- 
brane-support and electrode-support films. Hydrocar- 
bon-based or fluorine-based ion exchange resins can 
be used as desired. Preferably, solid polymer ion ex- 
change resins are used, in particular, solid polymer ion 
exchange resins which can be dissolved, or at least par- 
tially dissolved, in suitable solvents to form liquid com- 
positions that can be impregnated into the support films . 
Most preferable are perfluorocarbon-based ion ex- 
change resins, especially perfluorosulfonic acid resins, 
for example, such as are sold under the trademarks 
Nation® (DuPont Co.) or Flemion® (Asahi Glass Co.). 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



"Suitable-solvents for these ion exchange resins are well 
known in the art, and include various alcohols and other 
organic solvents, water, or mixtures of these with water. 
To aid in impregnation of a porous expanded poly- 
tetrafluoroethylene membrane-support film, depending 
on the molecular weight of the solid polymer resin or on 
the type of solvent used, the solvent concentration in the 
liquid composition can be varied, a surface treatment 
given to the polytetrafluoroethylene, or a surfactant 
used. Surfactants may also be included in the liquids to 
facilitate mixing and dispersion of the materials forming 
the liquid compositions. 

[0027] As with the ion exchange resins, no particular 
limitations are placed on the catalyst materials so long 
as they are amenable to impregnation into and retention 
by the membrane-support and electrode-support films. 
Any particulate material, or powder, acting as a catalyst 
can be used, and will be selected according to the ap- 
plication intended. Examples include, but are not limited 
to, lead dioxide for ozone generating electrodes, plati- 
num or platinum alloys for hydrolytic electrodes, plati- 
num or platinum alloys supported on carbon black, and 
the like. 

[0028] The catalyst materials and a solid polymer ion 
exchange resin are combined in a liquid mixture for im- 
pregnation into an electrode-support film, or for surface 
coating or impregnation into an electrode structure. This 
can be done, for example, by dispersing the catalyst 
powder in solvents such as those described above, and 
then adding ion exchange resin, or a liquid composition 
containing ion exchange resin, to form the liquid mixture. 
If desired, it is also possible to include a fluoropolymer, 
such as PTFE, tetrafluoroethylene/(perfluoroalkyl) vinyl 
ether copolymer (PFA), or tetrafluomethylene/hex- 
afluoropropylene copolymer (FEP), in such liquid mix- 
tures to enhance water repellency in the electrode struc- 
ture. It is also possible to include a pore-forming agent, 
such as ammonium bicarbonate, sodium chloride, or 
calcium carbonate, which is removed after formation of 
the membrane, for example, by heating or leaching, to 
create voids to improve gas diffusivity. 
[0029] Catalyst materials can also be introduced into 
an electrode structure as a catalyst precursor. In such 
a case the liquid mixture to be impregnated into an elec- 
trode-support film is a mixture obtained by combining a 
liquid dispersion of noncatalytic electrically-conductive 
particles and a liquid composition containing the catalyst 
precursor and a solid polymer ion exchange resin. That 
is, it may be a liquid mixture of noncatalytic electrically- 
conductive particles, a solid polymer ion exchange res- 
in, and a solid polymer ion exchange resin which has a 
catalyst metal precursor bonded to its exchange groups. 
For example, carbon black is used as the electrically- 
conductive particles; the carbon black is dispersed in a 
liquid composition containing solid polymer ion ex- 
change resin to allow the resin to adsorb onto the carbon 
black. Catalyst metal anions, such as in a platinum-am- 
mine complex solution, are then added to bring about 
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ion~exchange7afterwhich-more-solid-polymer iorrex= 
change resin is added. The ingredients can be mixed 
simultaneously or added sequentially. When such a mix- 
ture is used, the catalyst precursor must be converted 
to a catalyst by some type of reducing treatment after 5 
the solid polymer ion exchange membrane/electrode 
has been formed. Such reducing treatments include 
heating and hydrogen reduction, chemical reduction us- 
ing sodium borohydride, and other reducing treatments 
known in the art. A highly active catalyst can be obtained 10 
with the use of such methods. 
[0030] In the preparation of a unitary ion exchange 
membrane/electrode assembly of the present invention, 
the pores of the porous expanded polytetrafluoroethyl- 
ene membrane-support film are impregnated with a sol- 15 
id polymer ion exchange resin to obtain a composite 
membrane that is thin yet has high strength. Impregna- 
tion can be accomplished using equipment and meth- 
ods known in the art, and no particular restrictions are 
imposed. For example, the porous expanded poly- 20 
tetrafluoroethylene membrane-support film can be 
dipped or immersed in a liquid composition containing 
the resin; or the liquid composition may be applied to 
the surface by brushing or spraying, by screen printing, 
by roll coating, and the like, after which the solvent is 25 
removed. Such methods may be repeated a number of 
times until the pores are essentially completely filled 
with the solid polymer ion exchange resin and a nonpo- 
rous composite film is produced. The solvent can be re- 
moved by any convenient method such as air drying, 30 
heating in an oven or over heated rolls, and the like. If 
heating is used, temperatures which can lead to decom- 
position of the ion exchange resin should be avoided. 
Due to the strength and handleability of the porous ex- 
panded polytetrafluoroethylene film, and its ability to re- 35 
tain the liquid composition containing the ion exchange 
resin in its porous structure, the composite solid polymer 
ion exchange resin-filled membrane-support film can be 
formed separately, and subsequently intimately joined 
to an electrode structure; or it can also be formed in 40 
place on the surface of an electrode or other substrate, 
for example, by first superposing the porous expanded 
polytetrafluoroethylene membrane-support film on an 
electrode structure and then impregnating the mem- 
brane-support film, which simultaneously joins it to the 45 
electrode. 

[0031] A preferred structure for the unitary solid poly- 
mer ion exchange membrane/electrode assembly of the 
invention comprises an electrode structure having a pre- 
formed electrode-support also consisting of a preformed so 
porous film of polytetrafluoroethylene. The porous ex- 
panded polytetrafluoroethylene electrode-support films 
are impregnated with the liquid mixtures containing cat- 
alyst materials and solid polymer ion exchange resin by 
the same means described above. As with the ion ex- ss 
change membrane-support described above, the elec- 
trode-support film can be impregnated separately; or 
while on a substrate providing a release surface, or on 



-the-surface~ofa"substrate to-which _ itis"simultaneously 
intimately joined, such as, for example, the surface of a 
collector, a gas diffusion material, an ion exchange 
membrane, or preferably, a composite solid polymer ion 
exchange resin-filled membrane-support film. 
[0032] In the course of impregnation and desofvation/ 
solidification of the liquid mixtures, the solid polymer ion 
exchange resin causes the catalyst particles to adhere 
to each other and serves as a binder in fixing the catalyst 
particles in the internal structure of the expanded poly- 
tetrafluoroethylene matrix. The solid polymer ion ex- 
change resin in the electrode structure thus formed also 
serves as a binder to intimately join the structure to a 
composite solid polymer ion exchange resin-filled film 
described above, and further serves to form routes 
through which the ions produced over the catalyst par- 
ticles rapidly migrate to the solid polymer ion exchange 
membrane. The mechanical strength of the electrode 
structure is derived from the expanded polytetrafluor- 
oethylene electrode-support matrix, therefore, only 
enough solid polymer ion exchange resin to accomplish 
the above purposes need be used, and results in astruc- 
ture with good gas diffusibility. An excess quantity of sol- 
id polymer ion exchange resin is not needed for the de- 
velopment of strength properties in the polytetrafluor- 
oethylene-supported structure and; because an exces- 
sive quantity of resin may reduce gas permeability as 
well as complicate manufacturing, is undesirable. Fur- 
thermore, when solvent is removed from the impregnat- 
ed liquid mixture, the solid components aggregate, with 
an attendant decrease in volume, however, the aggre- 
gating force is accommodated and distributed by the ex- 
panded polytetrafluoroethylene matrix so that minute 
cracks and gaps are formed in the contracting solids, 
further enhancing gas diffusivity. 
[0033] As noted earlier, use of preformed porous ex- 
panded polytetrafluoroethylene films makes possible a 
variety of manufacturing methods of the unitary solid 
polymer ion exchange membrane/electrode assembly 
of the invention. When either a supported composite ion 
exchange structure or composite electrode structure is 
made separately, it can be joined to the other by con- 
ventional methods such as by application of heat and 
pressure. However, a preferred method of joining the 
structures is by solvent-aided adhesive methods in a 
manner such that the influence of the solvent, or ion ex- 
change resin and solvent used as an adhesive, is limited 
to the region near the junction of the layers to be joined. 
The retention characteristics of the. expanded poly- 
tetrafluoroethylene support matrix substantially pre- 
vents migration of solid polymer ion exchange resin, 
even when softened by a solvent, from the supported 
composite ion exchange structure, and likewise, sub- 
stantially prevents migration of electrode materials from 
a supported composite electrode structure. The solvent- 
aided joining of the layers can be effected, as indicated 
above, when one of the supported composite structures 
is impregnated and formed on the surface of another 
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-previously madestructurerln the case where both struct 
tures to be joined have been separately made and the 
solvent completely removed, a light topical application 
of solvent, or of a liquid composition of a solvent con- 
taining solid polymer ion exchange resin, can be made 
to the surface to be joined of a supported composite 
structure, and the layers joined. An advantage of such 
solvent-aided adhesion is that the structures can be 
joined with minimal compressive force applied to them 
and are not deformed in the joining step. In instances 
where a composite structures is joined to another as it 
is impregnated, virtually no compressive force is ap- 
plied. When a separately made and dried supported 
composite structure is joined to another, only a light 
compressive force applied in a manner to prevent for- 
mation and entrapment of air bubbles between the lay- 
ers is needed. 

[0034] It is apparent from the foregoing that the uni- 
tary assembly of the invention can be formed by a vari- 
ety of methods and having a number of structures. For 
example, a unitary assembly having a composite solid 
polymer ion exchange resin-filled membrane-support 
film bonded to each side of a previously made ion ex- 
change membrane; a unitary assembly having a com- 
posite solid polymer ion exchange resin-filled mem- 
brane-support film, on one or both sides of which" is- 
bonded an electrode structure; and, preferably, a unitary 
assembly having a composite solid polymer ion ex- 
change resin-filled membrane-support film on one or 
both sides of which is bonded an electrode structure 
having a composite solid polymer ion exchange resin- 
filled electrode-support film. 

[0035] There now follows a description of the Bubble 
Point Test and of several examples according to the in- 
vention. 

TEST METHODS 
Bubble Point Test 

[0036] The Bubble Point was measured according to 
the procedures of ASTM F316-86. Isopropyl Alcohol 
was used as the wetting fluid to fill the pores of the test 
specimen. 

[0037] The Bubble Point is the pressure of air required 
to displace the isopropyl alcohol from the largest pores 
of the test specimen and create the first continuous 
stream of bubbles detectable by their rise through a lay- 
er of Isopropyl Alcohol covering the porous media. This 
measurement provides an estimation of maximum pore 
size. 

Example 1 

[0038] An electrode consisting of graphite particles 
(95 wt.%) and PTFE resin particles (5 wt.%) was pre- 
pared by conventional paste-forming methods in which 
the particulate materials were mixed together, lubricat- 



edrranrvextruded to fornra taperand calendered to form - 
an electrode sheet for a lithium ion cell. 
[0039] The surface of the electrode sheet was lightly 
coated with a solution of an alkylene oxide polymer oli- 

5 gomer containing 0.15 mol of lithium perchlorate per 
ether linkage of the oligomer and 1 wt.% (based on the 
total weight of oligomer and lithium perchlorate) of ben- 
zyl dimethyl ketone, an ultraviolet (UV) radiation activat- 
ed crosslinking agent. 

w [0040] A porous expanded polytetrafluoroethylene 
film about 3 micrometers thick (Gore-Tex® expanded 
PTFE film, manufactured by Japan Gore-Tex, Inc.), and 
having a nominal pore size of about 1 micrometer and 
pore volume of 93 percent was fixed to the surface of 

*5 the coated electrode sheet. The porous PTFE film was 
coated and impregnated with the same solution applied 
to the electrode sheet so as to essentially completely fill 
the pores of the PTFE film and contact the solution coat- 
ed on the electrode sheet, after which the composite ar- 

20 tide was subjected to UV radiation to effect crosslinking, 
and a unitary solid polymer ion exchange membrane/ 
electrode assembly of the invention was produced. 



25 



Example 2 



- - [0041 ] ~ A gas diffusion electrode for a fuel cell was pre- 
pared as follows: 

[0042] An aqueous dispersion of carbon black parti- 
cles ("Denka Black", supplied by Denka Co.) and PTFE 

30 resin particles having a solids concentration 65 wt.% 
carbon black and 35 wt% PTFE was prepared. The PT- 
FE was coagulated, and the coagulum of mixed carbon 
black and PTFE dried. Naphtha was added and mixed 
into the dried coagulum as a lubricant The lubricated co- 

35 agulum was ram-extruded to form a tape 2.5 mm thick. 
The extruded tape was calendered and the thickness 
reduced to 250 micrometers. The calendered tape was 
uniaxially stretched (in the longitudinal direction) at a 
temperature of about 250°C to 5 times its original length, 

40 and then again calendered to reduce its thickness by a 
factor of 5. The porous electrically-conductive gas per- 
meable electrode sheet thus produced was about 50 mi- 
crometers thick, had a nominal pore size of about 1 mi- 
crometer, and a pore volume of about 78 %. 

45 [0043] A collector sheet consisting of 1 30 micrometer 
thick carbon paper, supplied from Toray Co., was im- 
pregnated with an aqueous dispersion of PTFE. The PT- 
FE-treated collector sheet and gas diffusion electrode 
sheet were laminated together by application of heat 

so (1 20°C) and pressure (20 kg/cm 2 ), after which the lam- 
inated assembly was heat treated at 360°C for 10 min- 
utes. 

[0044] A liquid mixture containing catalyst material 
and solid polymer ion exchange resin was prepared. 
55 The catalyst material was platinum-coated (25 wt.%) 
carbon black (tradename - Vulcan® XC72), and the solid 
polymer ion exchange resin was Nafion® perfluorosul- 
fonic acid resin (manufactured by DuPont Co.). A dis- 
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-persion-of'S-grams^f-Pt^coated-carbon-black-in^O" 
grams of 2-methyl,1 -propyl alcohol was prepared. A liq- 
uid composition of isopropyl alcohol containing 9 wt.% 
Nation® perfluorosulfonic acid resin was added to the 
dispersion to provide a liquid mixture having a relative 
concentration of 30 wt.% perfluorosulfonic acid resin 
and 70 wt.% Pt-coated carbon. The liquid mixture was 
applied by brush to the surface of the gas diffusion elec- 
trode sheet, thereby forming a solid polymer ion ex- 
change resin/catalyst containing region, and the solvent 
removed, thus completing the electrode structure. 
[0045J A porous expanded polytetrafluoroethylene 
film was fixed on the solid polymer ion exchange resin/ 
catalyst coated surface of the electrode. The PTFE film 
was 20 micrometers thick, had a nominal pore size of 
0.2 micrometer, and a pore volume of 89 %. The porous 
PTFE film was coated with a liquid composition of iso- 
propyl alcohol containing 5 wt.% Nation® perfluorosul- 
fonic acid resin (manufactured by DuPont Co.), and air 
dried. The coating and air drying steps were repeated 5 
times until the pores of the PTFE film were essentially 
completely filled, the layers joined by the solid polymer 
ion exchange resin present in each layer, the composite 
membrane-support film became sem transparent, and 
the surface of the film coated with the solid polymer ion 
exchange resin. The composite assembly" was "heat- 
treated at 130°C for 24 hours, and a unitary solid poly- 
mer ion exchange resin/electrode assembly was ob- 
tained. 

[0046] A second unitary solid polymer ion exchange 
resin/electrode assembly was obtained exactly as de- 
scribed above. The membrane-supported ion exchange 
resin surface of one of the assembles was coated with 
a liquid composition of isopropyl alcohol containing 2 wt. 
% Nafion® perfluorosulfonic acid resin, placed on the 
membrane-supported ion exchange resin surface of the 
second assembly and lightly pressed to remove en- 
trapped air, after which the solvent was removed by air 
drying and the joined assemblies heat treated at 1 30°C 
for 24 hours. 

[0047] The unitary assemblies thus joined formed a 
larger unitary embodiment of the invention to which fur- 
ther components were joined. The complete assembly 
described above was mounted and operated as a gas- 
eous fuel cell. Humidified hydrogen was fed on one side 
of the mounted assembly, and oxygen was fed on the 
other side at an operating temperature of 80°C. The cell 
developed a voltage of 0.78 volts at a current level of 1 
A/cm 2 . . . . . 

Comparative Example 1 

[0048] An electrochemical cell assembly was pre- 
pared as described in Example 2, except that no mem- 
brane-support films were used and the liquid composi- 
tion of isopropyl alcohol containing Nafion® perfluoro- 
sulfonic acid resin was applied directly to the gas per- 
meable electrode sheet. Numerous cracks formed, and 



partial-separationfromthesubstrateoccurred: 

[0049] The electrochemical cell assembly was tested 
in a fuel cell as described in Example 2, and developed 
a voltage of 0.67 volts at a current level of 1 A/cm 2 . 

5 

Example 3 

[0050] A composite membrane-supported solid poly- 
mer ion exchange resin-filled film was prepared sepa- 
10 rately. The PTFE film was 15 micrometers thick, had a 
nominal pore size of 0.2 micrometer, and a pore volume 
of 89 %. 

[0051] The porous expanded polytetrafluoroethylene 
membrane-support film was mounted in an open frame 

15 which gripped the film at the edges to restrain it from 
shrinking during impregnation of a liquid composition of 
isopropyl alcohol containing 5 wt.% solid polymer ion ex- 
change resin (Nafion® perfluorosulfonic acid resin). The 
restrained film was coated with the liquid composition 

20 which was absorbed by the porous membrane-support 
film, and air dried. The coating and drying steps were 
repeated three times, the pores of the PTFE film were 
essentially completely filled, and a semitransparent film 
was produced. 

25 [0052] A small amount of the same liquid composition 

was then applied by brush to the surface of the Nafion®- 

resin-filled membrane-support film thus produced and 
the wetted surface placed on the solid polymer ion ex- 
change resin/catalyst coated surface of an electrode 

30 structure, made as described in Example 2, and lightly 
pressed to remove entrapped air and intimately join the 
film to the electrode structure. The solvent was removed 
by air drying, thus completing a unitary assembly of the 
invention. 

35 

Example 4 

[0053] A composite membrane-supported solid poly- 
mer ion exchange resin-filled film was prepared sepa- 

40 rately, as described in Example 3. 

[0054] A small amount of solvent, isopropyl alcohol, 
was applied by brush to the solid polymer ion exchange 
resin/catalyst coated surface of an electrode structure 
(made as described in Example 2). the Nafion® resin- 

45 filled membrane-support film was immediately placed 
on the wetted surface of the electrode structure and 
lightly pressed to remove entrapped air and intimately 
join the film to the electrode structure. The solvent was 
removed by air drying, thus completing a unitary assem- 

50 bly of the invention. 

Comparative Example 2 

[0055] A composite membrane-supported solid poly- 
55 mer ion exchange resin-filled film was prepared as de- 
scribed in Example 3, except that the porous expanded 
polytetrafluoroethylene membrane-support film was 30 
micrometers thick. 
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-[0056] — A small"amount"ofa"liquid-composition~of"iso~ 
propyl alcohol containing 5 wt.% solid polymer ion ex- 
change resin (Nation® perfluorosulfonic acid resin)sol- 
vent, isopropyl alcohol, was applied by brush to both 
surfaces of the resin-filled film and the film was sand- 
wiched between the solid polymer ion exchange resin/ 
catalyst coated surfaces of two electrode structures 
(made as described in Example 2). The assembly was 
lightly pressed together to remove entrapped air and in- 
timately join the film to the electrode structures. The sol- 
vent was removed by air drying, thus completing a uni- 
tary assembly of the invention. 

Comparative Example 3 

[0057] A porous expanded polytetrafluoroethylene 
film was fixed on the solid polymer ion exchange resin/ 
catalyst coated surface of an electrode structure (made 
as described in Example 2). The PTFE film was 40 mi- 
crometers thick, had a nominal pore size of 0.7 microm- 
eter, and a pore volume of 92 %. The porous PTFE film 
was coated with a liquid composition of isopropyl alcohol 
containing 5 wt.% Nation® perfluorosulfonic acid resin 
(manufactured by DuPont Co.), and air dried. The coat- 
ing and air drying steps were repeated 3 times until the 
pores of the PTFE film were substantially filled: A fourth 
coating step was conducted, the solid polymer ion ex- 
change resin/catalyst coated surface of a second elec- 
trode structure was lightly pressed against the wetted 
surface and joined by the solid polymer ion exchange 
resin present in each layer. The solvent was removed 
by air drying, thus completing a unitary assembly of the 
invention. 

Example 5 

[0058] A liquid dispersion of fine lead dioxide particles 
(0.2 micrometer particle size) in isopropyl alcohol was 
prepared. To the dispersion was added a liquid compo- 
sition of isopropyl alcohol containing 5 wt.% Nation® 
perfluorosulfonic acid resin (manufactured by DuPont 
Co.) and thoroughly mixed to form a first liquid mixture, 
having a relative concentration of 1 5 wt.% ion exchange 
resin and 85 wt.% lead dioxide. 
[0059] A porous expanded polytetrafluoroethylene 
electrode-supportf ilm (thickness - 1 2 micrometers; pore 
volume - 93%; IBP - 0.08 kg/cm 2 ) was superposed on 
a polypropylene release sheet and passed through the 
nip of a roll coater. The first liquid mixture described 
above was roll-coated on the surface of the electrode- 
support film and forced into the pores of the electrode- 
support film, after which the solvent was removed by air 
drying, the impregnated electrode-support film removed 
from the release sheet, and a first electrode thus com- 
pleted. 

[0060] A dispersion of carbon black/platinum (20 wt. 
%) particles (from NE Chemcat Co.) in isopropyl alcohol 
was prepared. To the dispersion was added a liquid 



composition-of-isopropy|-a!cohol"Containing-5-wt.% 

Nation® perfluorosulfonic acid resin (manufactured by 
DuPont Co,) and thoroughly mixed, with the aid of ultra- 
sonic agitation, to form a second liquid mixture, having 

5 a relative concentration of 40 wt.% ion exchange resin 
and 60 wt.% carbon black supported platinum. 
[0061 ] A second porous expanded polytetrafluoroeth- 
ylene electrode-support film, identical to the first elec- 
trode-support, was fixed to the surface of 200 microm- 

10 eters thick carbon paper (manufactured by Toray Co.). 
The second liquid mixture was coated on the surface of 
the electrode-support film and impregnated into the 
pores of the film, after which the solvent was removed 
by air drying, and a second electrode thus completed. 

15 [0062] A solid polymer ion exchange membrane 
(Nation® 117 perfluorosulfonic acid membrane, manu- 
factured by Dupont. Co.) was sandwiched between the 
first electrode structure and the second electrode struc- 
ture, and laminated by application of heat (140°C) and 

20 pressure (25 kg/cm 2 ) to form a unitary assembly of the 
invention. 

[0063] A platinum-plated titanium mesh was applied 
to the surface of the first electrode as a collector, and 
the unitary assembly and collector sandwiched between 
25 ribbed, platinum-plated, stainless steel plates to form an 
electrochemical cell. Purified water was fed to the ribbed 
portions, and the cell was operated as an ozone gener- 
ator by water electrolysis using a solid polymer electro- 
lyte. 

30 

Example 6 

[0064] A dispersion of 5 grams of carbon black/plati- 
num (25 wt.%) particles (from NE Chemcat Co.) in 40 

35 grams of 2-methyl, 1 -propyl alcohol was prepared. To 
the dispersion was added a liquid composition of isopro- 
pyl alcohol containing 9 wt.% Nation® perfluorosulfonic 
acid resin (manufactured by DuPont Co.) and thorough- 
ly mixed, with the aid of ultrasonic agitation, to form a 

40 liquid mixture, having a relative concentration of 25 wt. 
% ion exchange resin and 75 wt.% carbon black sup- 
ported platinum. 

[0065] A collector sheet consisting of 230 micrometer 
thick carbon paper, manufactured by Toray Co., was im- 

45 pregnated with an aqueous dispersion of PTFE to de- 
velop water repellency, and then heat treated at 360° C 
for 1 0 minutes. A porous expanded polytetrafluoroeth- 
ylene electrode-support film (thickness - 16 microme- 
ters; pore volume - 94%; IBP - 0.1 2. kg/cm 2 ) was fixed 

50 to the surface of the carbon paper. The liquid mixture 
was applied by brush to impregnate the pores of the 
electrode-support film, after which the solvent was re- 
moved by air drying. The composite structure was heat 
treated at 120°C for 24 hours, thus completing a first 

55 electrode. 

[0066] A porous expanded polytetrafluoroethylene 
membrane-support film (thickness - 20 micrometers; 
pore volume - 93%; IBP - 0.15 kg/cm 2 ) was fixed to the 
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"ionexchangeTesin/catatystimpregnatedsurface'of the - 
first electrode. The porous PTFE film was coated by 
brush with a liquid composition of isopropyl alcohol con- 
taining 5 wt.% Nation® perfluorosulfonic acid resin 
(manufactured by DuPont Co.), and air dried. The coat- 
ing and air drying steps were repeated 3 times until the 
pores of the PTFE film were essentially completely filled 
and the layers joined by the solid polymer ion exchange 
resin present in each layer, thus forming a first unitary 
assembly of the invention. 

[0067] An aqueous dispersion of carbon black parti- 
cles ("Denka Black", supplied by Denka Co.) and PTFE 
resin particles having a solids concentration 60 wt.% 
carbon black and 40 wt.% PTFE was prepared. The PT- 
FE was coagulated, and the coagulum of mixed carbon 
black and PTFE dried. Naphtha was added and mixed 
into the dried coagulum as a lubricant The lubricated co- 
agulum was ram-extruded to form a tape 2.5 mm thick. 
The extruded tape was calendered and the thickness 
reduced to about 300 micrometers. The calendered 
tape was uniaxially stretched (in the longitudinal direc- 
tion) at a temperature of about 250°C to 5 times its orig- 
inal length, and then again calendered to reduce its 
thickness by a factor of 5. The electrically-conductive 
gas permeable electrode sheet thus produced was 
about 60 micrometers thick.iiad a nominal pore size of 
about 1 micrometer, and a bulk density of 0.51 g/cc. A 
collector sheet, identical to the collector sheet bonded 
to the first electrode, was fixed to one surface of the gas 
permeable electrode sheet. 

[0068] A porous expanded polytetrafluoroethylene 
electrode-support film, identical to the electrode-sup- 
port film of the first electrode, was fixed to the other sur- 
face of the gas permemable electrode sheet, and im- 
pregnated with the liquid mixture of ion exchange resin/ 
catalyst particles, and heat treated as described above, 
thus forming a second electrode. 
[0069] A porous expanded polytetrafluoroethylene 
membrane-support film, identical to the membrane-sup- 
port joined to the first electrode, was fixed to the ion ex- 
change resin/catalyst impregnated surface of the sec- 
ond electrode, and was impregnated with the same ma- 
terials and in the same manner, thus forming a second 
unitary assembly of the invention. 
[0070] A small amount of the same liquid composition 
of isopropyl alcohol containing 5 wt.% Nation® perfluor- 
osulfonic acid resin described above was then applied 
by brush to the surface of the Nation® resin-filled mem- 
brane-support film of the second assembly and the ion 
exchange res in -containing surfaces of the first and sec- 
ond assemblies were brought together and lightly 
pressed to remove entrapped air and intimately join the 
assemblies, after which the solvent was removed by air 
drying and another embodiment of the unitary assembly 
of the invention completed. 

[0071] This embodiment of the invention was mount- 
ed and operated as a gaseous fuel cell. Humidified hy- 
drogen was fed on one side of the mounted assembly, 



"and-oxygen*wasfed - on'the"Others!de-at*an-operating 
temperature of 80°C. The cell developed a voltage of 
0.71 volts at a current level of 1 A/cm 2 . 



5 Example 7 

[0072] A porous expanded polytetrafluoroethylene 
membrane-support film (thickness - 10 micrometers; 
pore volume - 83%; IBP - 1 .75 kg/cm 2 ) was superposed 

10 on a polypropylene release sheet. The membrane-sup- 
port film was coated by brush with a liquid composition 
of isopropyl alcohol containing 5 wt.% Nafion® perfluor- 
osulfonic acid resin (manufactured by DuPont Co.), and 
air dried at 70°C. The coating and air drying steps were 

15 repeated 4 times until the pores of the PTFE film were 
essentially completely filled, resulting in a virtually trans- 
parent composite solid polymer ion exchange mem- 
brane. 

[0073] A liquid mixture containing 25 wt.% Nafion® 
20 perfluorosulfonic acid resin (manufactured by DuPont 
Co.) and 75 wt.% carbon black/platinum (30 wt.%) par- 
ticles (from NE Chemcat Co.) was prepared as de- 
scribed in Example 8. 

[0074] A porous expanded polytetrafluoroethylene 

25 electrode-support film (thickness - 1 0 micrometers; pore 
volume - 91%; IBP - 0.13 kg/cm 2 ) was fixed to the sur- 
face of the composite solid polymer ion exchange mem- 
brane on the polypropylene release sheet. The liquid 
mixture was applied by brush to the surface of the elec- 

30 trode-support film, impregnated into the pores of the 
film, and joined to the PTFE membrane-supported solid 
polymer ion exchange membrane. The solvent was re- 
moved by air drying at 70°C, and a unitary assembly of 
the invention was produced. 

35 [0075] A second assembly was formed in like manner. 
The two assemblies were brought together with the ion 
exchange membrane surfaces in contact, thermally 
fused together by passage through the nip of a pair of 
rolls heated to 150°C, and removed from the polypro- 

40 pylene release sheet, thus forming another embodiment 
of the invention having a unitary assembly in an elec- 
trode/solid polymer ion exchange membrane/electrode 
arrangement. 

[0076] A porous gas permeable electrode sheet and 
45 a PTFE-treated carbon paper collector, of the materials 
and arranged as described in Example 2, were disposed 
against each electrode surface of the electrode/solid 
polymer ion exchange membrane/electrode embodi- 
. ment and held in place in a fuel cell by mechanical force 
50 exerted against them by ribbed gas supply separators. 
In the fuel cell , one electrode served as the air electrode, 
while the other served as the hydrogen electrode. When 
the fuel cell was supplied with air and hydrogen, an out- 
put of 0.64 volts at a current density of 0.5 A/cm 2 was 
55 obtained. The alternating current resistance was about 
0.07 ohm-cm 2 , and there was virtually no change in the 
resistance after 800 hours of operation. 
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Exampl 8 



[0077] Two unitary solid polymer ion exchange mem- 
brane/electrode assemblies were made as described in 
Example 7, except that the porous expanded poly- 
tetrafluoroethylene membrane-support film fixed on the 
polypropylene release sheet was 6 micrometers thick 
and only two impregnation/drying steps used to impreg- 
nate and fill the film with the liquid composition of iso- 
propyl alcohol containing 5 wt.% Nafion® perfluorosul- 
fonic acid resin. 

[0078] A separately prepared Nafion® 1 1 2 perfluoro- 
sulfonic acid ion exchange membrane (manufactured 
by DuPont Co.) was interposed between the ion ex- 
change membrane surfaces of the unitary assemblies 
and bonded by hot pressing at a temperature of 140°C 
and pressure of 30 kg/cm 2 to form a unitary electrode/ 
solid polymer ion exchange membrane/electrode as- 
sembly of the invention. 

[0079] This embodiment of the invention was placed 
in a fuel cell having the arrangement described in Ex- 
ample 9 and, when supplied with oxygen and hydrogen, 
the fuel cell had an output of 0.6 volts at a current density 
of 1 A/cm 2 . 



Example 9 



[0080] A liquid mixture containing 25 wt.% Nafion® 
perfluorosulfonic acid resin (manufactured by DuPont 
Co.) and 75 wt.% carbon black/platinum (30 wt.%) par- 
ticles (from NE Chemcat Co.) was prepared as de- 
scribed in Example 6. 

[0081] A porous expanded polytetrafluoroethylene 
electrode-support film (thickness - 1 0 micrometers; pore 
volume - 91%; IBP - 0.13 kg/cm 2 ) was placed on the 
surface of a polypropylene release sheet. The liquid 
mixture was applied by brush to the surface of the elec- 
trode-support film and impregnated into the pores of the 
film. The solvent was removed by air drying at 70°C, 
and a first electrode was completed. 
[0082] A porous expanded polytetrafluoroethylene 
membrane-support film (thickness - 18 micrometers; 
pore volume - 85%; IBP - 1 .75 kg/cm 2 ) was superposed 
on the electrode. The membrane-support film was coat- 
ed by brush with a liquid composition of isopropyl alco- 
hol containing 9 wt.% Nafion® perfluorosulfonic acid 
resin (manufactured by DuPont Co.), and air dried at 
70°C. The coating and air drying steps were repeated 
5 times until the pores of the membrane-support film 
were essentially completely filled, and the ion exchange 
membrane thus formed was joined to the electrode. 
[0083] A porous expanded polytetrafluoroethylene 
electrode-support film as used in the first electrode was 
placed on the ion exchange membrane of the assembly 
described above. A second electrode was formed and 
joined to the ion exchange membrane in the same man- 
ner and with the same materials as the first electrode. 
Afterthefinal drying step, the unitary electrode/solid pol- 
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-ymerion-exchange"membrane/electrode~assembly-of 
the invention was removed from the polypropylene re- 
lease sheet. 

[0084] This embodiment of the invention was used to 
construct a fuel cell having the arrangement described 
in Example 7 and, when supplied with air and hydrogen, 
the fuel cell had an output of 0.62 volts at a current den- 
sity of 0.5 A/cm 2 . The alternating current resistance of 
the fuel cell was 0.065 ohm-cm 2 . 



Claims 
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A unitary assembly for an electrochemical cell com- 
prising: 

a composite nonporous solid polymer ion ex- 
change membrane having first and second pla- 
nar surfaces; 

said nonporous composite ion exchange mem- 
brane comprising at least one preformed mem- 
brane-support film of porous expanded poly- 
tetrafluoroethylene having a thickness of 1 to 
20 micro-meters said membrane-support film 
containing, and made nonporous by, solid pol- 
ymer ion exchange resin rand 
a first electrode having two planar surfaces, 
one surface of said first electrode in intimate 
contact with said first surface of said nonporous 
solid polymer ion exchange membrane and 
bonded to said membrane by said solid poly- 
mer ion exchange resin. 

An assembly as claimed in Claim 1, further compris- 
ing a second electrode having a surface in intimate 
contact with said second surface of said composite 
nonporous solid polymer ion exchange membrane 
and bonded to said membrane by said solid polymer 
ion exchange resin. 

An assembly as claimed in Claim 1 , wherein said 
first electrode comprises a preformed electrode- 
support film of porous expanded polytetrafluoroeth- 
ylene, said electrode-support film containing both a 
solid polymer ion exchange resin and a catalyst ma- 
terial. 

An assembly as claimed in Claim 3, wherein said 
preformed electrodersupport film further contains a 
noncatalytic electrically-conductive material. 

An assembly as claimed in Claim 3, wherein said 
second surface of said first electrode is in intimate 
contact with an electrically-conductive gas diffusion 
material, said first electrode bonded to said electri- 
cally-conductive material by said solid polymer ion 
exchange resin. 
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-6; — ^An-assembly-as-claimec|-in-Claim~47wherein"said- 
second surface of said first electrode is in intimate 
contact with an electrically-conductive gas diffusion 
material, said first electrode bonded to said electri- 
cally-conductive material by said solid polymer ion 
exchange resin. 

7. An assembly as claimed in Claim 2, wherein said 
second electrode comprises a preformed elec- 
trode-support film of porous expanded poly- 
tetrafluoroethylene, said electrode-support film 
containing both a solid polymer ion exchange resin 
and a catalyst material. 

8. An assembly as claimed in Claim 7, wherein said 
preformed electrode-support film further contains a 
noncatalytic electrically-conductive material. 

9. An assembly as claimed in claim 7, wherein said 
second surface of said second electrode is in inti- 
mate contact with an electrically-conductive gas dif- 
fusion material, said second electrode bonded to 
said electrically-conductive material by said solid 
polymer electrolyte resin. 

10. An-assembly as claimed in Claim 8, wherein said 
second surface of said second electrode is in inti- 
mate contact with an electrically-conductive gas dif- 
fusion material, said second electrode bonded to 
said electrically-conductive material by said solid 
polymer electrolyte resin. 

1 1 . A unitary assembly for an electrochemical cell com- 
prising: 

a nonporous solid polymer ion exchange mem- 
brane having first and second planar surfaces; 
and 

a first electrode having two planar surfaces; 
said first electrode comprising a preformed 
electrode-support film of porous expanded pol- 
ytetrafluoroethylene having a thickness of 3 to 
20 micro-meters said electrode-support film 
containing both a solid polymer ion exchange 
resin and a catalyst material; 

■ 

wherein one surface of said first electrode is 
in intimate contact with said first surface of said solid 
polymer ion exchange membrane and bonded to 
said membrane by said solid polymer ion exchange 
resin. 

12. An assembly as claimed in Claim 11, further com- 
prising: 

a second electrode comprising a preformed 
electrode-support film of porous expanded pol- 
ytetrafluoroethylene, said electrode-support 



film-containing-both-a~solid~polymerion~ex- 
change resin and a catalyst material; 



wherein one surface of said second electrode 
s is in intimate contact with said second surface of 
said solid polymer ion exchange membrane and 
bonded to said membrane by said solid polymer ion 
exchange resin. 

10 13. An assembly as claimed in Claim 11, wherein said 
preformed electrode-support film further contains a 
noncatalytic electrically conductive material. 

14. An assembly as claimed in claim 12, wherein said 
15 preformed electrode-support film further contains a 
noncatalytic electrically-conductive material. 
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Patentan sp ruche 

1. Einheitliche Anordnung fur eine elektrochemische 
Zelle, umfassend: 



eine nicht-porose Verbundfeststoffpolymer- lo- 
25 nenaustauschmembranmiteinerersten und ei- 

ner zweiten~ebenen Oberflache; 

wobei die nicht-porose Verbund-lonenaus- 
tauschmembran mindestens einen vorgeformten 

30 Membrantragerfilm aus porosem, expandiertem 
Polytetrafluorethylen mit einer Dicke von 1 bis 20 
Mikrometer aufweist, welcher Membrantragerfilm 
enthalt und nicht pords gemacht ist durch Feststoff- 
polymer-lonenaustauschharz; und 

35 eine erste Elektrode mit zwei ebenen Oberflachen, 
von denen eine Oberflache in inniger Beruhrung mit 
der ersten Oberflache der nicht-porosen Feststoff- 
polymer-lonenaustauschmembran steht und an die 
Membran durch das Feststoffpolymer-lonenaus- 

40 tauschharz gebunden ist. 

2. Anordnung nach Anspruch 1 , weiterhin umfassend 
eine zweite Elektrode mit einer Oberflache in inni- 
ger Beruhrung mit derzweiten Oberflache der nicht- 
45 porosen Verbu ndfeststoff polymer-Ion en aus- 
tauschmembran, und an die Membran gebunden 
mittels des Feststoffpolymer-lonenaustauschhar- 
zes. 

50 3. Anordnung nach Anspruch 1 , bei der die erste Elek- 
trode einen vorgeformten Elektrodentragerfilm aus 
porosem, expandiertem Polytetrafluorethylen auf- 
weist, wobei der Elektrodentragerfilm sowohl ein 
Feststoffpolymer-lonenaustauschharz als auch ein 

55 Katalysatormaterial enthalt. 

4. Anordnung nach Anspruch 3, bei der der vorge- 
formte Elektrodentragerfilm au3erdem ein nicht-ka- 



12 



23 



EP 0 718 903 B1 



24 



talytischeselektrischiertendes"Material"enthalt. 

5. Anordnung nach Anspruch 3, bei der die zweite 
Oberflache der ersten Elektrode in innige Beruh- 
rung mit einem elektrisch leitenden Gasdiffusions- 5 
material steht, wobei die erste Elektrode an dem 
elektrisch leitenden Material durch das Feststoffp- 
olymer-lonenaustauschharz gebunden ist. 

6. Anordnung nach Anspruch 4, bei der die zweite 10 
Oberflache der ersten Elektrode in inniger Beruh- 
rung mit einem elektrisch leitenden Gasdiffusions- 
material steht, wobei die erste Elektrode an dem 
elektrisch leitenden Material durch das Feststoffp- 
olymer-lonenaustauschharz gebunden ist. *5 

7. Anordnung nach Anspruch 2, bei der die zweite 
Elektrode einen vorgeformten Elektrodentragerfilm 
aus porosem, expandiertem Polytetrafluorethylen 
enthalt, wobei der Elektrodentragerfilm sowohl ein 20 
Feststoffpolymer-lonenaustauschharz als auch ein 
Katalysatormaterial enthalt. 

8. Anordnung nach Anspruch 7, bei der der vorge- 
formte Elektrodentragerfilm auBerdem ein nicht-ka- 25 

talytisches; elektrisch leitendes Material enthalt. 

9. Anordnung nach Anspruch 7, bei der die zweite 
Oberflache der zweiten Elektrode in inniger Beruh- 
rung mit einem elektrisch leitenden Gasdiffusions- 30 
material steht, wobei die zweite Elektrode an dem 
elektrisch leitenden Material durch das Feststoffp- 
olymer-Elektrolytharz gebunden ist. 

10. Anordnung nach Anspruch 8, bei der die zweite 35 
Oberflache der zweiten Elektrode in inniger Beruh- 
rung mit einem elektrisch leitenden Gasdiffusions- 
material steht, wobei die zweite Elektrode an dem 
elektrisch leitenden Material durch das Feststoffp- 
olymer-Elektrolytharz gebunden ist. 40 

11. Einheitliche Anordnung fur eine elektrochemische 
Zelle, umfassend: 



ger Beruhrung-mitdererstenOberflache-derFest- 

stoffpolymer-lonenaustauschmembran steht und 
an derMembran durch das Feststoffpolymer-lonen- 
austauschharz gebunden ist. 

12. Anordnung nach Anspruch 11, weiterhin umfas- 
send: 

eine zweite Elektrode, umfassend einen vorge- 
formten Elektrodentragerfilm aus porosem, ex- 
pandiertem Polytetrafluorethylen, wobei der 
Elektrodentragerfilm sowohl ein Feststoffpoly- 
mer-lonenaustauschharz als auch ein Kataly- 
satormaterial enthalt; 

wobei eine Oberflache der zweiten Elektrode in in- 
niger Beruhrung mit der zweiten Oberflache der 
Feststoffpolymer-lonenaustauschmembran steht 
und an die Mem bran durch das Feststoffpolymer- 
lonenaustauschharz gebunden ist. 

13. Anordnung nach Anspruch 11, bei der der vorge- 
formte Elektrodentragerfilm auBerdem ein nicht-ka- 
talytisches, elektrisch leitendes Material enthalt. 

14. Anordnung nach Anspruch 12, bei der der vorge- 
formte Elektrodentragerfilm auBerdem ein nicht-ka- 
talytisches, elektrisch leitendes Material enthalt. 



Revendications 

1. Ensemble unitaire pour une cellule Electrochimi- 
que, comportant : 

une membrane Echangeuse d'ions en polyme- 
re solide non-poreux composite ayant des pre- 
miere et seconde surfaces planes, 
ladite membrane Echangeuse d'ions composite 
non-poreuse comportant au moins un film de 
support de membrane preforme constitue de 
potytEtrafluoroEthylene expanse poreux ayant 
une epaisseurallant de 1 a 20 micrometres, le- 
ditfilm de support de membrane contenant une 
resine echangeuse d'ions en polymere solide, 
et Etant rendu non-poreux par celle-ci, et 
une premiere Electrode ayant deux surfaces 
planes, une surface de ladite premiere Electro- 
de etant en contact intime avec ladite premiere 
surface de ladite membrane echangeuse 
d'ions en polymere solide non-poreux et liee a 
ladite membrane par ladite resine Echangeuse 
d'ions en polymere solide. 

2. Ensemble selon la revendication 1 , comportant de 
plus une seconde Electrode ayant une surface en 
contact intime avec ladite seconde surface de ladite 
membrane Echangeuse d'ions en polymEre solide 



eine nicht-porose Feststoffpolymer-lonenaus- 45 
tauschmembran mit elner ersten und einer 
zweiten ebenen Oberflache; und 

eine erste Elektrode mit zwei ebenen Oberfla- 
chen; wobei die erste Elektrode einen vorge- so 
formten Elektrodentragerfilm aus porosem, ex- 
pandiertem Polytetrafluorethylen mit einer Dik- 
ke von 3 bis 20 Mikrometern aufweist, und der 
Elektrodentragerfilm sowohl ein Feststoffpoly- 
mer-lonenaustauschharz als auch ein Kataly- ss 
satormaterial enthalt; 

wobei eine Oberflache der ersten Elektrode in inni- 
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non=poreux~composite~etHiee~a~ladite~membrane~ 
par ladite r6sine echangeuse d'ions en polymere 
solide. 

3. Ensemble selon la revendication 1 , dans lequel la- 
dite premiere electrode comporte un film de support 
d'electrode preforme constitue de polytetrafluoroe- 
thylene expanse poreux, ledit film de support d'elec- 
trode contenant a la fois une resine echangeuse 
d'ions en polymere solide et un materiau catalyti- 
que. 

4. Ensemble selon la revendication 3, dans lequel ledit 
film de support d'electrode preforme contient de 
plus un materiau electriquement conducteur non- 
catalytique. 

5. Ensemble selon la revendication 3, dans lequel la- 
dite seconde surface de ladite premiere electrode 
est en contact intime avec un materiau de diffusion 
de gaz electriquement conducteur, ladite premiere 
Electrode etant liee audit materiau electriquement 
conducteur par ladite r6sine echangeuse d'ions en 
polymere solide. 

6: "Ensemble selon la revendication 4, dans lequel la- 
dite seconde surface de ladite premiere electrode 
est en contact intime avec un materiau de diffusion 
de gaz electriquement conducteur, ladite premiere 
electrode etant liee audit materiau electriquement 
conducteur par ladite resine echangeuse d'ions en 
polymere solide. 

7. Ensemble selon la revendication 2, dans lequel la- 
dite seconde electrode comporte un film de support 
d'electrode preforme constitue de polytetrafluoro6- 
thyiene expanse poreux, ledit film de support d'elec- 
trode contenant a la fois une resine echangeuse 
d'ions en polymere solide et un materiau catalyti- 
que. 

8. Ensemble selon la revendication 7, dans lequel ledit 
film de support d'electrode preforme contient de 
plus un materiau electriquement conducteur non- 
catalytique. 

9. Ensemble selon la revendication 7, dans lequel la- 
dite seconde surface de ladite seconde electrode 
est en contact intime avec un materiau de diffusion 
de gaz electriquement conducteur, ladite seconde 
electrode etant liee audit materiau electriquement 
conducteur par ladite resine eiectrolytique en poly- 
mere solide. 



-eiectrode - etant-|iee-audirmateriau-eiectriquement 
conducteur par ladite resine eiectrolytique en poly- 
mere solide. 



5 11. Ensemble unitaire pour une cellule eiectrochimi- 
que, comportant : 



une membrane echangeuse d'ions en polyme- 
re solide non-poreux ayant des premiere et se- 
conde surfaces planes, et 
une premiere electrode ayant deux surfaces 
planes, 

ladite premiere electrode comportant un film de 
support d'electrode preforme constitue de po- 
lytetrafluoroethylene expanse poreux ayant 
une epaisseur allant de 3 a 20 micrometres, le- 
dit film d'electrode de support contenant a la 
fois une resine echangeuse d'ions en polymere 
solide et un materiau catalytique, 
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dans lequel une surface de ladite premiere 
electrode est en contact intime avec ladite premiere 
surface de ladite membrane echangeuse d'ions en 
polymere solide et liee a ladite membrane par ladite 
resine echangeuse d'ions en polymere solide. 
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12. Ensemble selon la revendication 11 , comportant de 
plus : 

une seconde electrode comportant un film de 
support d'electrode preforme constitue de po- 
lytetrafluoroethyiene expanse poreux, ledit film 
de support d'electrode contenant a la fois une 
resine echangeuse d'ions en polymere solide 
et un materiau catalytique, 

dans lequel une surface de ladite seconde 
electrode est en contact intime avec ladite seconde 
surface de ladite membrane echangeuse d'ions en 
polymere solide et liee a ladite membrane par ladite 
resine echangeuse d'ions en polymere solide. 

13. Ensemble selon la revendication 11 , dans lequel le- 
dit film de support d'electrode preforme contient de 
plus un materiau electriquement conducteur non- 
catalytique. 

1 4. Ensemble selon la revendication 1 2, dans lequel le- 
. . . dit film de support d'electrode preforme contient de 

plus un materiau electriquement conducteur non- 
catalytique. 



10. Ensemble selon la revendication 8, dans lequel la- 
dite seconde surface de ladite seconde electrode 
est en contact intime avec un materiau de diffusion 
de gaz electriquement conducteur, ladite seconde 
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